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Method for repairing superralloy castings using a metallurgically bonded tapered plug 



(57) A method of repairing cracks, imperfections, 
and the like in a casi article (10). A frusto-conical aper- 
ture (22) is created in the article (10) in the location of 
the crack or imperfection. A mating tapered plug (42) is 
prepared such that the tapered plug can fit, into the ap- 
erture so that the sloped side walls (54) of the tapered 
plug evenly and unilaterally rest on frusto-conical sides 
of the apenure. The tapered plug (42) is disposed into 
the aperture (22), and bonding material is applied be- 
tween the surfaces of the tapered plug (42) and the ap- 
erture (22), before or after insertion of the tapered plug 
(42) into the aperture (22). The article (10) is thereafter 
heated'such that the bonding material joins the surfaces 
of the tapered plug (42) and the aperture (22). The outer 
end (50) of the tapered plug thereafter is polished so 
that such outer end is approximately level with the arti- 
cle's (10) outer side in a refinement of the invention, the 
plug member (42) may be pushed into the aperture (22) 
such that a controlled interference fit is produced. 
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Description 

[0001] The invention relates to the field of repair of a 
cast articie : and more particularly to repair of a cast ar- 
ticle having imperfections. 

[0002] Certain articles, such as airfoils for the power 
turbine sections of gas turbines, are constructed of su- 
peralloys. Due to the extreme temperatures and stress- 
es to which such cast superalloy articles such as, air- 
foils, are exposed, imperfections in cast articles can 
have serious consequences, in the case of an airfoil, the 
control of the airfoil wall's thickness, when an airfoil is 
cast, is critical to the strength and life of the airfoil. 
[0003] More particularly, turbine components such as 
turbine airfoils are typically cast as hollow structures 
with complex cooling passages inside. The complex 
cooling passages are desired because the tempera- 
tures of the hot combustion gases directed at the airfoil 
during operation are at or above the melting tempera- 
ture of the superalloy composition. The cooling medium 
may comprise air or steam. In the case of steam, such 
steam will typically be under pressure higher than cool- 
ing air pressure. The airfoil design is sensitive to airfoil 
wall thickness control because of these factors. Insuffi- 
cient thickness results in significant creep damage due 
to high local stresses in areas of reduced thickness (i. 
e. cross-sectional area), while excessive wall thickness 
results in fatigue damage due to insufficient cooling of 
the exterior. An about 0.08" nominal airfoil thickness is 
predicted to result in an airfoil achieving its design life if 
actual thickness can be maintained to within about 0.02" 
of the nominal thickness. 

[0004] The directional casting process for superalloy 
components, such as airfoils, typically utilizes ceramic 
"bumpers" on core surfaces or mold surfaces. For a 
nominal cast wall thickness of about 0.08" +/- 0.2", ce- 
ramic bumpers of about 0.06" in height help control wall 
thickness by the geometric constraints provided in the 
form of the ceramic bumpers. A large number of bump- 
ers on each casting reduces the likelihood of distortion 
of the ceramic molds and cores. 

[0005] After the article isdirectionally cast ; the ceram- 
ic bumpers are removed. The wall of the article will be 
thin wherever there had been ceramic bumpers. In ad- 
dition, if the mold and the core had been in contact, there 
would be a small hole in the article at a contact point, 
and a corresponding thicker area on the other side of 
the article. Because variations in wall thickness beyond 
the design specification of about 0.06" +/- about 0.02" 
may result in early failure of the airfoil, restoration of wall 
thickness is needed. 

[0006] The restoration of wall thickness is complicat- 
ed by the article geometry where, for example, an airfoil. 
At every airfoil bumper location there is a unique com- 
bination of inner surface and outer surface contours to 
the airfoil wall exist. In addition, due to variations in wall 
thickness within the design specification, no two airfoiis 
will have the same wall thickness profile around the air- 



foil perimeter or along the airfoil length. An airfoil design 
can, for example, allow for filler material to project into 
the airfoil cooling cavity up to about 0.02" before such 
filler material results in any detrimental perturbation of 
5 the coolant flow. Because the coolant can comprise 
steam, the inner contour at each repair should be rea- 
sonably smooth so as not to set up a site for crevice 
corrosion. Outer surface contours are less of a concern, 
since the outer surface is easily available for hand 
io blending of the filler material back to the airfoil contour. 
[0007] In addition to a need to satisfactorily repair ar- 
ticles due to dimensional imperfections resulting from 
the casting process, a further need to repair articles 
whereby cracks may have developed at a location on 
7 -5 the article during the casting process exists. As well, 
cracks can develop in airfoils after they have been in 
service for a period of time. Up to now, once a crack or 
imperfection of sufficient size has been detected, the air- 
foil would be immediately replaced. If the crack or im- 
perfection could be repaired in such a way that the airfoil 
could thereafter withstand the extreme operating condi- 
tions in a turbine, then the expense of replacing the 
cracked airfoil with a new airfoil can be avoided. 
[0008] In addition to dimensional concerns for the re- 
pairing of an airfoil wall at weakened locations, the 
strength of the airfoil should be maintained. Steam can 
be a cooling medium for an airfoil, and the steam inject- 
ed into the cooling passages under pressure creates a 
pressure vessel effect therein. A repair should be able 
to withstand the interior pressure and be leak-tight, and 
also be almost as strong as the surrounding directional 
material in terms of strength and resistance to creep and 
fatigue. 

[0009] Airfoils are typically formed of superalloys that 
can have directionally-oriented microstructures to satis- 
fy the mechanical strength demands for creep resist- 
ance or fatigue resistance to achieve a satisfactory de- 
sign life. Directionally-oriented microstructures can be 
produced using directional solidification processes, 
which result in either elongated polycrystalline grains or 
single crystals. Directionally oriented microstructures 
may be problematic to the repair of dimensional imper- 
fections and cracks therein, since the repaired area 
should have a similarly oriented microstructure of uni- 
form strength. 

[0010] Accordingly, a need exists for a method to re- 
pair a cast articfe having an area of imperfection in the 
form of a non-dimensional wall thickness. A further need 
exists for a method to repair a cast article having an area 
of imperfection, in which the repaired article in the re- 
paired area of imperfection is capable of withstanding 
stresses which are substantially equal to, or a substan- 
tial amount of, the stresses which would previously be 
capable of being withstood in absence of such imper- 
fection. 

[0011] Further a need exists for a method to repair a 
cast article, such as a hollow airfoil, having an area of 
imperfection or a crack, wherein the airfoil, at the re- 
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paired area of imperfection or crack, is capable of with- 
standing interior pressure. Stiil further, a need exists for 
a method to repair a cast article, such as a hollow airfoil, 
having a directionally oriented microstructure and 
growth axis and an area of imperfection, in which such 
airfoil, in the repaired area of imperfection, has an iden- 
tically aligned growth axis that permits the repaired area 
to withstand stresses a substantial portion of those pre- 
viously capable of being withstood by the airfoil. 
[0012] Accordingly, in one aspect of the invention, a 
method of repairing a cast article having an area of im- 
perfection, comprises the steps of forming an aperture 
in the cast article in the area of imperfection, the aper- 
ture having sloped side walls, forming a plug member, 
the plug member on an external periphery thereof pro- 
vided with similarly sloped side walls, adapted to sub- 
stantially abut a portion of the sloped side walls of the 
aperture when the plug member is disposed (inserted) 
therein, and inserting the plug member intothe aperture. 
A bonding material is applied between the plug member 
side walls and aperture side walls, either before or after 
insertion of the plug member into the aperture. Lastly, 
the article is heated the that the bonding material bonds 
the sloped side walls of the plug member to the sloped 
side walls of the aperture. 

[001 3] Using a method, as embodied by the invention, 
an imperfection within a cast article, such as a wall of 
non-dimensional thickness, or a crack, may be effective- 
ly drilled out by the formation of an aperture in the place 
of the imperfection By providing an aperture with sloped 
side walls, a plug member with similarly sloped side 
walls adapted to abut a portion of the sloped side walls 
of the aperture permits the plug member when disposed 
into the aperture to substantially and evenly overlie a 
portion of the sloped walls of the aperture. This feature 
aids the subsequent bonding step, since the tapered 
side walls, create a greater surface area for bonding 
than would otherwise be the case if the side walls of the 
aperture were non-tapered and perpendicular to the 
plane of the article. The feature also allows the plug to 
sit as close to and'overlie the tapered surface to which 
it will be bonded without having to increase dimensional 
tolerances and introducing an undesirable gap, which 
would otherwise be the -case if there were no tapered 
side wails and the plug member had to be machined 
slightly under-dimension to ailow insertion into the ap- 
erture. 

[001 4] I n another aspect of the invention, a turbine air- 
foil machining process produces a surface roughness, 
for example about 0.002". Therefore, two mating ma- 
chined surfaces in contact at mutual high spots can have 
locally variable widths in the gaps between their surfac- 
es as wide as "about 0.0004". To fill a gap of about 
0.0004" however, a right cylindrical plug would have to 
be at least about 0.0004" larger than the aperture, and 
still be capable of insertion. Pre-shrinkage of the right- 
cylindrical plug member by pre-cooling may not, de- 
pending on the size of the plug member, be sufficient to 



reduce the size of the plug member to allow interfer- 
ence-free insertion into a right cylindrical aperture. 
[0015] In cases where pre-shrinkage is not sufficient, 
the force necessarily involved in pushing a right-cylin- 

5 drical plug member into a right cylindrical aperture, and 
the difficulty in aligning the over-dimensioned plug in the 
aperture can cause damage to the surfaces of both the 
plug or the aperture. The damage can comprise unde- 
sirable scratches or micro-cracks, which could act as 

10 crack initiation sites and propagate under the inherent 
ambient stresses and lead to failure. The damage can 
also cause, undesirable recrystallization upon subse- 
quent heat. Advantageously, a method, as embodied by 
the invention, for forming an aperture and a plug mem- 

1-s ber provides each having similarly sloped walls, the plug 
member may be disposed into the aperture and the 
sides thereof will mutually overlie and evenly abut the 
sloped sides of the aperture without needing to be 
forced into the aperture. 

20 [0016] In another aspect of the invention, the sloped 
walls of the aperture and plug member allow an inter- 
ference fit to be created and maintained between the 
sloped walls of the plug member and the aperture when 
the plug member is disposed in the aperture. This inter- 
ns ference fit is created without pre-cooling of the plug 
member and without the difficulties inserting an over- 
sized plug in an undersized aperture. The created inter- 
ference eliminates gaps which may exist due to surface 
irregularities in their respective surfaces as wide as 

30 about 0.0004". The interference fit also increases the 
bonding of the plug member to the aperture, and in- 
creases the structural integrity of the bond. 
[0017] In a yet further aspect of the method of the in- 
vention, the method comprises inserting the plug mem- 

35 ber into the aperture, applying a force to the plug mem- 
ber to cause an interference fit between the sloped walls 
of the tapered plug and sloped walls of the aperture. This 
method allows the elimination of gaps due to surface 
roughness, and avoids difficulties that would be encoun- 

40 tered in attempting to insert an over-dimensioned right 
cylindrical plug to a right-cylindrical aperture of lesser 
dimensions for an interference fit. The taper of each of 
the plug and aperture is sufficiently small so when force- 
fully inserted in the aperture, the interference fit will al- 

45 low the plug member to remain therein. 

[0018] Where a cast article'to be repaired comprises 
a directionally-oriented microstructure and growth axis, 
the plug member should be capable of being received 
in the aperture. Thus, the plug member growth axis is 

50 oriented and aligned with the cast article growth axis. 
Thus, the plug member and aperture each possess mat- 
ing engagement means, which matingly engage and al- 
low insertion of the plug member within the aperture up- 
on alignment of the plug member growth axis with the 

55 article growth axis. A step of inserting the plug member 
into the aperture comprises aligning the mating engage- 
ment means on the plug member with the corresponding 
mating engagement means of the aperture, and insert- 
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ing the plug member in the aperture. 
[001 9] In another aspect of the invention, a plug mem- 
ber for repair of imperfections in a cast article comprises 
a superalloy composition and directionally-oriented 
microstructure. The plug member comprises a substan- 
tially identical superalloy. composition and a directional- 
ly-oriented microstructure and growth axis. The plug 
member is provided with tapered side wall surfaces ex- 
tending about its periphery and tapered to allow the plug 
member, when forcibly inserted within an aperture, to 
remain in an interference fit within the aperture. The plug 
member further possesses mating engagement means 
to matingly engage and allow insertion of the plug within 
the aperture when the growth axis of such plug member 
is aligned with the growth axis of the cast article being 
repaired. 

[0020] The plug member of the present invention may 
further comprise bonding material, such as a braze alloy 
or other bonding material, applied, to its tapered surfac- 
es. The bonding material readies it for bonding when 
placed on an aperture and subsequently heated. 
[0021] The present invention will now be described in 
greater detail, by way of example, with reference to the 
drawings, in which: - 

Figure 1 is a perspective view of a cast article name- 
ly a hollow turbine airfoil of superalloy composition, 
having an imperfection in the exterior surface there- 
of; 

Figure 2 is an enlarged cross-section of the hollow 
turbine airfoil illustrated in Fig. 1 , taken along plan 

A-A: 

Figure 3 is a perspective view of the hollow turbine 
airfoil of Fig. 1 having the imperfection drilled out by 
way of creation of an aperture having sloped walls 
in place of the imperfection; 

Figure 4 is an enlarged cross-sectional view of the 
aperture illustrated in Fig. 3: 

Figure 5 is an enlarged side elevation view of a plug 
member for repair in which the plug member com- 
prises sloped side walls adapted to abut similarly 
sloped side walls of the aperture when inserted in 
the aperture: 

Figure 6 is an enlarged cross-sectional view of the 
plug member inserted in the created aperture; 

Figure 7 is a perspective view of a hollow, cast tur- 
bine airfoil, of superalloy composition having a di- 
rectionally solidified microstructure in the direction 
B-B, further having a curvilinear aperture created in 
the airfoil exterior to thereby remove an imperfec- 
tion in the exterior of the airfoil; 



Figure 8 is a curvilinear tapered plug member, hav- 
ing sloped walls and having a directionally solidified 
microstructure in the direction B-B, which is aligna- 
ble with the directionally solidified microstructure of 
s the airfoil illustrated in Fig. 7; 

Figure 9 is an enlarged cross-sectional view of the 
curvilinear tapered plug member of Fig. 8 being in- 
serted into the curvilinear aperture in the airfoil il- 
to lustrated in Fig. 7; and 

Figure 1 0 is an enlarged cross-sectional view of the 
curvilinear tapered plug member of Fig. 8 inserted 
into the curvilinear aperture in the airfoil of illustrate 
'5 ed Fig. 7, so as to create an interference fit. 

[0022] A casting process that results in an article re- 
quiring repair in accordance with the present invention 
will be discussed with reference to the Figures. Figure 

20 i illustrates a cast article, such as an airfoil 10, for use 
in a gas turbine. The airfoil 10 is typically formed of a 
superalloy composition having a directional or single 
crystal microstructure. The growth axis 14 cf the direc- 
tional microstructure of the airfoil 10 is illustrated in Fig- 

25 ure 2, in the direction of arrows B-B in Fig. 7. 

[0023] The thickness for the walls according to a de- 
sign specification of an airfoil 10 can be, for example, 
about 0.08", +/- about 0:02". The directional microstruc- 
ture and the design thickness satisfy the mechanical de- 

30 mands for the creep resistance and fatigue resistance 
necessary to achieve a desired airfoil design life. A di- 
rectional microstructure may be produced by of direc- 
tional solidification during casting the airfoil 1 0 along the 
growth axis 14. 

35 [0024] The casting process used to satisfy the re- 
quirements for wall control utilizes ceramic "bumpers" 
within core surfaces or moid surfaces. For example, a 
ceramic bumper used in the casting of the airfoil can be 
about 0.06" in height to control wall thickness. After the 

40 article has been cast, the ceramic bumpers are re- 
moved. Locations where ceramic bumpers had been lo- 
cated and removed, are identified by numeral 15 in Fig. 
2. At other locations where the mold and the core may 
have been in direct contact or a ceramic bumper and 

45 the mold may have been in direct contact a small hole 
IS in the article's wall exists (Fig. 2). Where this hole 
occurs, there will also be a corresponding thicker area 
fC") on the opposite side of the airfoil 10 (Fig. 2). 
[0025] In a repair process : as embodied by the inven- 

50 tion, areas of reduced thickness in an airfoil's walls are 
determined. An aperture 22 can be made at each such 
area by drilling out the wall material (see Figs. 3 and 4). 
The aperture 22 is defined to insert a plug member 42 
(Fig. 5) at each area 16 and hole 18 to have sufficient 

55 wall thickness, for example, a thickness of about 0.08" 
+/- about 0.02". 

[0026] Repair of an airfoil 1 0 having a superalloy com- 
position can arise in circumstances other than those re- 



15 



SDCOD: <EP 1074331 A1_l_> 



5 



7 



EP 1 074 331 A1 



3 



lated to a casting process. For example, an airfoil that 
has been in service can develop a crack. To repair a 
crack, an aperture 22 as made in the airfoil, as illustrated 
in Figs. 3 and 7. The aperture 22 is centered on the 
crack. A tapered plug 42, 73 (Figs. 5 and 3) is formed 5 
having dimensions to be received in the aperture 22. Af- 
ter the plug member 42. 73 is brazed to the aperture 22 
by application of a bonding material and a subsequent 
heat treatment the repaired article 10 may be returned 
to service. io 
[0027] In Fig. 4, the aperture 22 is prepared having 
sloped sides and an. inner surface 26. The intersection 
of the aperture inner surface 26 and an orthogonal line 
28 forms a first included angle 30 for the aperture taper. 
An inner side 38 of the article is also illustrated in Fig. is 
4. The aperture 22 can be formed with an area of re- 
duced wall thickness after the location of reduced wall 
thickness has been determined. The aperture 22 ex- 
tends from the article's outer side 34 to the article's inner 
side 36. 20 
[0028] Figure 5 illustrates a tapered plug member 42 
in side elevation. The plug 42 has an inner end 46, an 
outer end 50, and a plug surface 54. The intersection of 
the plug surface 54 and an orthogonal fine 58 at the inner 
end 46 forms a second included angle 62. The first in- 25 
eluded angie 30 and second included angle 62 are sub- 
stantially equal within a design specification. The aper- 
ture 22 defines a frusto-conical shape, when viewed in 
longiiudinal section, by virtue of the first included angle 
30 and the second included angle 62. The larger end of 30 
the aperture 22 is disposed adjacent to the outer side 
34. The tapered plug 42 also has a frusto-conical shape, 
in side elevation, so the tapered plug 42 can be received 
in the aperture 22. 

[0029] Figure 6 illustrates a side view of the tapered 35 
plug 42 after insertion into aperture 22. The inner end 
46 of the tapered plug 42 extends beyond the inner side 
38 of the article, and the outer end 50 extends beyond 
the outer side 34. The inner end 46 and the outer end 
50 need not extend beyond the inner side 38 and the 40 
outer side 34, respectively, after insertion but may in al- 
ternative configurations. For example, an airfoil design 
specification can allow a tapered plug 42 to extend up 
to approximately about 0.02" beyond the airfoil's inner 
side 38. A protrusion by the tapered plug 42 of more 45 
than about 0.02" can result in perturbation of the flow of 
coolant within the airfoil 10, that may set up a site for 
crevice corrosion. Outer side contours are less of a con- 
cern, as the outer end 50 of a tapered plug 42, can be 
polished to match to the contour of the outer side 34. so 
[0030] With reference to Fig. 6 S the plug surface 54 of 
plug member 42 lies in abutting contact with inner sur- 
face 26 of the aperture 22, due to identical tapers of the 
plug surface 54 and the inner surfaces of the aperture 
22. The local diameter of a taper of each of the plug 42 55 
and aperture 22 is a direct function of length. Thus, 
pushing the tapered plug 42 into an aperture 22 can re- 
sult in an increase in local diameter, thus defining an 



interference fit. The repair process, as embodied by the 
invention may include subsequent heat treatment that 
can relax strains in the contacting surfaces. Pushing the 
tapered plug 42 with a relatively large amount force can 
cause sufficient interference that no gaps remain be- 
tween the contacting surfaces. Over-application of an 
insertion force on the tapered plug 42 can result in in- 
troduction of sufficient stresses that may introduce mi- 
cro-cracks in the exterior walls of the airfoil proximate 
the aperture 22. Accordingly, the amount of force used 
to ensure that the tapered plug 42 is securely inserted 
into the aperture 22 is sufficient producing an interfer- 
ence fit best not sufficient to introduce cracking. 
[0031] If the taper of both the plug member 42 and 
aperture 22 is shallow enough, meaning that the first in- 
cluded angle 30 and the second included angle 62 are 
sufficiently small, a high degree of accuracy the nominal 
interference can be achieved by measuring the length 
of the tapered plug 42 to be inserted into the aperture 
22. A sufficiently shallow taper can be self-locking : that jpr3j 
is, the frictional forces caused by the aperture inner sur- 
face 26 and plug surface 54 being pushed together to 
hold the tapered plug 42 in place, and exceed compres- 
sive forces tending to expel the tapered plug 42 elasti- 
cally. For example, for nickel-based superalloys, a shal- 
low taper of about 1 .2° has been found to be self-locking 
and further to produce an interference fit of approxi- 
mately about 0. 001 2 inches. 

[0032] The steps in the repair method depicted in Figs 
1-6 comprise producing a tapered plug 42 and an aper- 
ture 22 of equivalent tapers using common machining 
practice. After the aperture 22 and tapered plug 42 have 
been created, the length of the aperture 22, for example 
the thickness of the wall of the article to be repaired, is 
measured. The tapered plug 42 is inserted into the ap- 
erture 22, using minimal pressure to avoid locking. 
[0033] After measuring the length of the tapered plug 
42 extends beyond the article's outer side 34 when the 
tapered plug 42 is inserted, the tapered plug 42 can be 
removed from the aperture 22. The tapered plug 42 is 
then cut to length for accurate placement in the aperture 
22 so portions of the tapered plug 42 at the inner end 
46 and outer end 50 can be ground or cut-off. Thus the 
inner end 46 can be at approximately the same level as 
the article's inner side 38, and the outer end 50 can be 
at approximately the same level as the article's outer 
side 34, once the tapered plug 42 has been inserted 
again into aperture 22. 

[0034] If an inner end 46 of a tapered plug 42 projects 
beyond the article's inner side 38 or the outer end 50 is 
to project beyond the article's outer side 34, or both, then 
the tapered plug 42 can be cut for any desired degree 
of interference, in practice, the outer end 50 of the ta- 
pered plug 42 extends beyond the article's outer side 34 
a relatively small amount. A local depression does not 
result after insertion, due to the application of force to 
the outer end 50 of the tapered plug 42 during insertion. 
[0035] Bonding material, such as, at least one of bo- 
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ronized surface treatments, thin sputtered layers of 
commercial or proprietary braze alloys, a nickel layer, 
and a layer consisting of soft materials, such as alumi- 
num, cobalt, and platinum that will not result in undesir- 
able metallurgical reactions and some combination 5 
thereof can be applied between the aperture inner sur- 
face 25 and the tapered plug surface 54 the bonding 
material can be applied before or after insertion of the 
tapered plug 42 into the apenure 22. For example, the 
tapered plug surface 54 can be coated with bonding ma- to 
terial prior to insertion into the aperture 22. Following 
insertion of the tapered plug 42 : the article 10 can be 
heated such that the tapered plug surface 54 is bonded 
to the apenure inner surface 26. 

[0036] In another embodiment as embodied by the in- is 
vention, the bonding material, for example a braze ma- 
terial, can be added in any space between the article 1 0 
outer side 34. the apenure inner surface 26, and the ta- 
pered plug surface 54. The entire assembly is then heat. 
The braze material moves into vacant spaces therebe- 20 
tween by means of capillary action. 
[0037] An alternative embodiment if the article com- 
prises tor d.rcctionalty aligned microstructures including 
as single crystal and directionally solidified superalloy, 
microotnjeturcs tnc tapered plug 42 can be prepared 25 
from a similar directorial material. The matched mate- 
rials minimize the amount of grain boundary length cre- 
ated in the plug repair process. 

[0038] Wnn m^pnc\ to the method illustrated in Figs. 
7-10. the fTotnoci is jsetut for the repair of cast articles 30 
having directiorviiry solidified microstructures. In the 
method a curvilinear aoerture 22 is prepared in which 
the aperture comprises a pair of intersecting through- 
holes 23 25 Each hole has different major diameters. 
The holes 23 25 are provided sloping (tapered) side 35 
walls 53 55 to give each through-hole 23, 25 a frusto : 
conical configuration and the advantages as described 
above. 

[0039] A mating plug member 73 is formed (Fig. 8). 
The plug member 73 comprises two half members 67, 40 
69 each of which are provided with sloping side walls 
93, 95. Each side wall 93, 95 comprises a taper sub- 
stantially equnl to that of side walls S3, 55, to thereby 
allow mutual over tying relation when plug member 73 is 
inserted in aperture 22 The two half members 57, 69 4 $ 
each comprise different major diameter D-, and D 2 and 
provide mating engagement means. The plug member 
73 may only bo inserted into aperture 22 in one orien- 
tation. Hie plug rnombei 73 has a directionally oriented 
microstructure. as illustrated in direction of arrows B-B 5 0 
(Fig. 9), and the oriented microstructure will be closely 
aligned with the directional microstructure of the airfoil 
10 (directional arrows B-B in Fig. 7). 
[0040] Prior to insertion of the plug member 73 into 
aperture 22 (Fig. 7). the tapered side walls 93, 95 of plug 55 
member 73 may be coated with a bonding material, for 
example a braze alloy material may be applied after in- 
sertion of plug member 73 into aperture 22 around the 



periphery of such aperture 22. The bronze alloy material 
will flow into the plug member and aperture interface af- 
ter heating by capillary action. Thereafter, the airfoil 10 
with plug member 73 therein is heated to bond the 
sloped wall surfaces 93, 95 to the sloped walls 53, 55. 
In a preferred embodiment of the method of the present 
invention (particularly suited to where plug surface 54 
of plug member 42 and/or aperture inner surface 26 are 
first coated with bonding material prior to insertion of 
plug member 42 into aperture 22). Thereafter insertion 
of the plug member 73 is inserted into aperture 22, and 
a force is applied to the exterior surface 101 of plug 
member 73 (see Fig 10), so as to forcibly insert plug 
member 48 into aperture 22 and cause an interference 
fit V (see Fig. 10) between the half members 67, 69 of 
plug member 73 and the through-holes 23, 25 that com- 
prise apenure 22. The interference fit may be pre-deter- 
mined in the manner previously described. Subsequent 
heat treatment may be used before, after, or during the 
bonding step so as to effect stress relief. 

EXAMPLE 

[0041] An aperture 22 of 0.1 5 inches diameter on the 
outer wall 34 of a turbine blade 10 is created., having 
side walls 26 and an included angle 30 of 1 .2°, wherein 
the wall thickness is about 0.08 inches plus or minus 
about 0.02 inches (See Fig: A plug member 50, hav- 
ing similarly sloped side walls 54 of 1.2° (see included 
angle 62 of Figure 5) is prepared, and is uniformly coat- 
ed with commercially braze alloy. Plug 42 is placed into 
aperture 22, so as to rest against side walls 26 of aper- 
ture 22 (See Figure 4). Plug member 42 is thereafter 
pushed a translational distance of about 0. 50 inches into 
aperture 22, creating about 0.0012 inch interference (i. 
e. about 0.050 xtan 1 .2°). Due to the shallow taper, such 
interference is self locking. The plug member 42 is 
thereafter heated to allow the side walls 54 thereof to 
be brazed to aperture side walls 26. 
[0042] For the sake of good order, various aspects of 
the invention are set out in the following clauses- 

1 . A method of repairing a cast article having an ar- 
ea of imperfection, the method comprising: 

(a) creating an aperture in the article in the area 
of imperfection, the step of creating the aper- 
ture comprising creating sloped side walls; 

(b) disposing a plug member into the aperture, 
the plug member comprising an external pe- 
riphery having sloped side walls adapted to 
substantially abut the sloped side walls of the 
aperture when the plug member is disposed in- 
to the aperture; 

(c) applying a bonding material to at least one 
of the plug member side walls and the aperture 
side walls; and 

(d) heating the article, wherein the step of heat- 
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ing heats the bonding material, and the bonding 
material bonds the sloped side walls of the plug 
member to the sloped side walls of the aper- 
ture. 

5 

2. The method according to clause 1, where the 
sloped walls of the plug member and the sloped 
walls of the aperture are each tapered, the method 
further comprising the step of: 

applying a force to the plug member when in- 10 ' 
serting the plug member into the aperture, to cause 
the plug member to be disposed further within the 
aperture in an interference fit. 

3. A method of repairing a cast article having an ar- ' is 
ea of imperfection, the method comprising: 

(a) forming an aperture in the article in the area 
of imperfection, the step of forming the aperture 
comprising forming the aperture with a tapered 20 
sidewall surface and a larger end of the aper- 
ture disposed at an outer side of the article; 

(b) forming a tapered plug member, the step of 
forming the tapered plug member comprising 
forming the tapered plug member with an inner 25 
end : a larger outer end, and a plug surface be- 
tween the inner end and outer end, the tapered 
plug member being formed with a taper so that 

the plug surface will abut in mutual overlying 
relation a portion of the tapered side wall sur- 30 
face of the aperture when disposed in the ap- 
erture; 

(c) disposing the tapered plug member into the 
aperture to allow the surface of the plug mem- 
ber to contact the tapered surface of the aper- 35 
ture; 

(d) applying a bonding material between the" 
plug surface and the aperture surface; and 

(e) heating the article such that the bonding ma- 
terial joins the plug surface to the aperture sur- 40 

face. 

4. The method according to clause 3, the method 
further comprising the step of applying a force to the 
plug when inserting the tapered plug member into *s 
the apenure, to cause an interference fit between 

the tapered plug and the aperture. 

5. The method according to clause 3, wherein the 
bonding material is applied to the tapered sidewall ' so 
surface of the aperture before insertion of the plug 
member into the aperture. 

6. The method according to clause 3, wherein the 
bonding material is applied tothe surface of the plug S5 
member before insertion of the plug member into 
the aperture. 



7. The method according to clause 3, wherein the 
bonding material is applied between the tapered 
surface of the aperture and the plug surface after 
insertion of the plug member into the aperture. 

8. The method according to clause 3, the method 
further comprising the step of removing material 
from the outer end of the plug member after inser- 
tion of the plug member into the aperture, wherein 
the outer end of the plug member is approximately 
level with an outer surface of the article. 

9. The method according to clause 3, wherein the 
article comprises a wall, the wall comprising a thick- 
ness, wherein the area of imperfection comprises 
an area of reduced wall thickness. 

10. The method according to clause 3, wherein the 
cast article and the plug member each comprise di- 
rectionally oriented microstructure and growth axis; 
and 

the plug member is capable of being received 
in the aperture so the plug member growth axis is 
oriented in alignment with the cast article growth ax- 
is. 

1 1 . The method according to clause 10, wherein the 
plug member and the aperture each comprise mat- 
ing engagement means for matingiy engaging and 
allowing insertion of the plug member within the ap- 
erture upon alignment of the plug member growth 
axis with the article growth axis; 

■the - method further comprising the step of in- 
serting the plug member into the aperture compris- 
ing: 

aligning the mating engagement means on the 
plug member with the corresponding mating 
. engagement means of the aperture, and 
inserting the plug member in the aperture. 

12. A plug member for filling an aperture in a cast 
article, the cast article of superalloy composition 
having a directionally-oriented microstructure and 
growth axis, the plug member comprising: 

a superalloy composition that is substantially 
identical to the superalloy composition of the 
cast article, a directionally oriented microstruc- 
ture; and 

tapered side wall surfaces that extend about a 
periphery of the plug, the tapered side wall sur- 
faces being tapered to allow the plug member, 
when disposed within an aperture, to remain in 
an interference fit within the aperture. 

13. The plug member according to clause 12, the 
plug member further comprising mating engage- 
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ment means for matingly engaging and allowing in- 
sertion of the plug member within the aperture upon 
alignment of the plug member. 

14. The plug member according to clause 12, fur- 
ther comprising bonding material applied to the ta- 
pered side wall surfaces. 

15. ( The plug member according to clause 14, 
wherein the bonding material comprises a braze al- 
loy. 

16. An airfoil repaired by the method according to 
clause 1 . 

17. An airfoil repaired by the method according to 
clause 3. 

18. An airfoil comprising a plug member according 
£f?4 to clause 12, the 20 airfoil repaired by the method 

according to clause 1 . 

19. An airfoil comprising'a plug member according 
to clause 12, .the airfoil repaired by the method ac- 
cording to clause 3. 



Claims 

1. A method of repairing a cast article (10) having an 
area of imperfection (16, 13), the method compris- 
ing: 

(a) creating an aperture (22) in the article in the 
area of imperfection, the step of creating the 
aperture comprising creating sloped side walls 
(26); 

(b) disposing a plug member (42, 73) into-the 
aperture, the plug member comprising an ex- 

fe- temal periphery having sloped side walls (54, 

95) adapted to substantially abut the sloped 
side walls of the aperture when the plug mem- 
ber is disposed into the aperture; 

(c) applying a bonding material to at least one 
of the plug member side walls and the aperture 
side walls: and 

(d) heating the article, wherein the step of heat- 
ing heats the bonding material, and the bonding 
material bonds the sloped side walls of the plug 
member to the sloped side walls of the aper- 
ture. 

2. The method according to claim 1 , where the sloped 
walls of the plug member and the sloped walls of 
the aperture are each tapered, the method further 
comprising the step of: 

applying a force to the plug member when in- 
serting the plug member into the aperture, to cause 



the plug member to be disposed further within the 
aperture in an interference fit. 

3. A method of repairing a cast article (10) having an 
"5 area of imperfection (16, 18), the method compris- 
ing: 

(a) forming an aperture (22) in. the article in the 
- area of imperfection, the step of. forming. the ap- 

70 erture comprising forming the aperture with a 

tapered sidewall surface (26)and a larger end 
of the aperture disposed at an outer side (34) 
of the article; 

(b) forming a tapered plug member (42-, 73), the 
75 step of forming the tapered plug member com- 
prising forming the tapered plug member with 
an inner end, a larger outer end, and a plug sur- 
face (54, 95) between the inner end and outer 
end, the tapered plug member being formed 

20 with a taper so that the plug surface will abut in 

mutual overlying relation a portion of the ta- 
pered side wall surface or the aperture when 
disposed in the aperture: 

(c) disposing the tapered plug member into the 
25 aperture to.allow the surface of the plug mem- 
ber to contact the tapered surface of the aper- 
ture: 

(d) applying a bonding material between the 
plug surface and the aperture surface; and 

30 (e) heating the article such that the bonding ma- 

terial joins the plug surface to the aperture sur- 
face. 

4. The method according to claim 3, the method fur- 
35 ther comprising the step of applying a force to the 

plug when inserting the tapered plug member into 
the aperture, to cause an interference fit between 
the tapered plug and the aperture. 

40 5. The method according to claim 3 or 4,, wherein the 
• bonding material is applied to the tapered sidewall 
surface of the aperture before insertion of the plug 
member into the aperture. 

45 6. The method according to claim 3 or 4, wherein the 
bonding material is applied to the surface of the plug 
member before insertion of the plug member into 
the aperture. 

50 7. The method according to claim 3, wherein the bond- 
ing material is applied between the tapered surface 
of the aperture and the plug surface after insertion 
of the plug member into the aperture. 

55 8. A plug member 42, 73) for filling an aperture in a 
cast article, the cast article of superalloy composi- 
tion having a directionally-oriented microstructure 
and growth axis, the plug member comprising: 



25 
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a superailoy composition that is substantially 
identical to the superailoy composition of the 
cast article, 

a direct ionally oriented microstructure; and 
tapered side wall surfaces(54, 95) that extend 5 
about a periphery of the plug, the tapered side 
wall surfaces being tapered to allow the plug 
member, when disposed within an aperture, to 
remain in an interference fit within the aperture. 

10 

9. The plug member according to claim S the piug 
member further comprising mating engagement 
means for matingly engaging and allowing insertion 
of the plug member within the aperture upon align- 
ment of the plug member. is 

10. The plug member according to claim S or 9 further 
comprising bonding material applied to the tapered 
side wall surfaces. 

20 
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